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(57) ABSTRACT 

Presented herein are methods, systems, and computer-read 
able medium for presenting imaging data related to an ana 
tomical site. These include obtaining a first set of imaging 
data related to the anatomical site and tracking units at the 
anatomical site and, thereafter, optionally, obtaining a second 
set of imaging data related to the anatomical site. A deformed 
version of the first set of imaging data is then determined 
based on the relative arrangements of one or more of the 
tracking units at the time when the first set of imaging data is 
obtained and when the second set of imaging data is obtained. 
Then the relative emplacements of the second set of imaging 
data set and of the deformed version of the first set of imaging 
data set are determined and used, along with the second set of 
imaging data set and the deformed version of the first set of 
imaging data, as a basis for displaying image guidance data. 
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SYSTEMIS AND METHODS FOR DISPLAYING 
GUIDANCE DATA BASED ON UPDATED 

DEFORMABLE IMAGING DATA 

CROSS-REFERENCE TO RELATED 
APPLICATION 

0001. This application claims the benefit of U.S. Provi 
sional Application No. 61/068,469, filed Mar. 7, 2008. 

BACKGROUND 

0002 Surgeons often need to be able to look at both pre 
operative data, Such as computed tomography (“CT) scans 
and magnetic resonance imaging (MRI) scans, as well as 
intra operative data, such as two dimensional (2D) ultra 
sound or three dimensional (3D) ultrasound while they are 
in the operating room. Normally, doctors view the CT scans 
and ultrasound on separate displays and must use their imagi 
nations in order to correlate the information in the two 
images. This is a difficult spatial task for the Surgeons to 
accomplish. Further, when a target anatomical site is located 
within soft tissue, the pre-operative data is out of date with 
respect its pre-operative form because of the movement, com 
pression and reorientation of the Soft tissue and, therefore, it 
is difficult or impossible for the Surgeon to appropriately 
utilize the pre-operative data during the operation. 
0003 Previous systems have attempted to aid the surgeon 
using computer vision registration techniques. Example sys 
tems are described in, among other papers, Aylward et al., 
Analysis of the Parameter Space of a Metric for Registering 
3D Vascular Images, in W. Niessen and M. Viergever (Eds.), 
MEDICAL IMAGE COMPUTING AND COMPUTER-ASSISTED 
INTERVENTION MICCAI 2001, pp.932-939; and Aylwardet 
al, Intra-Operative 3D Ultrasound Augmentation, Proceed 
ings of the IEEE International Symposium on Biomedical 
Imaging, Washington, D.C., July 2002. The problem with 
these systems however is the massive computational Strain 
required by the registration techniques. 

SUMMARY 

0004 Presented herein are methods, systems, and com 
puter-readable medium for presenting imaging data related to 
an anatomical site. These include obtaining a first set of 
imaging data related to the anatomical site and tracking units 
at the anatomical site and, thereafter, optionally, obtaining a 
second set of imaging data related to the anatomical site. A 
deformed version of the first set of imaging data is then 
determined based on the relative arrangements of one or more 
of the tracking units at the time when the first set of imaging 
data is obtained and when the second set of imaging data is 
obtained. Then the relative emplacements of the second set of 
imaging data and the deformed version of the first set of 
imaging data are determined and used, along with the second 
set of imaging data and the deformed version of the first set of 
imaging data, as a basis for displaying image guidance data. 
0005 Presented herein are methods, systems, and com 
puter-readable medium for presenting imaging data related to 
an anatomical site, that include obtaining, at a first time, a first 
set of imaging data related to the anatomical site. Thereafter, 
tracking information for a movable imaging device controlled 
by a user is obtained at a second time, after the first time. Then 
desired emplacement information is determined for an image 
of the first set of imaging databased on the tracking informa 
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tion. Finally, image guidance data is determined for display 
based on the first set of imaging data and the desired emplace 
ment information. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0006 FIG. 1 depicts one embodiment of a system capable 
of updating deformable imaging data. 
0007 FIG. 2 illustrates an example of an anatomical site 
with tracking units. 
0008 FIG. 3 illustrates the deformation of an anatomical 
site with tracking units. 
0009 FIG. 4 depicts an embodiment of a tracking unit. 
0010 FIG. 5 illustrates another example of an anatomical 
site within deformable tissue with tracking units. 
0011 FIG. 6 depicts an example process for providing 
guidance data based on updated deformable tracking infor 
mation. 
0012 FIGS. 7A-7D depict marking and viewing features 
in imaging data. 
0013 FIG. 8 depicts an embodiment of image guidance 
data in which first set of imaging data is presented with 
second set of imaging data. 

DETAILED DESCRIPTION OF SPECIFIC 
EMBODIMENTS 

I. Overview 
0014 FIG. 1 depicts merely one exemplary embodiment 
of a system 100 capable of updating deformable imaging 
data. There are numerous other possible embodiments of 
system 100, for example, numerous of the depicted modules 
may be joined together to form a single module and may even 
be implemented in a single computer or machine. Further, the 
position sensing units 110 and 140 may be combined and 
track all relevant tracking units 145 and movable imaging 
units 155, as discussed in more detail below. Additionally, 
imaging unit 150 may be excluded and only imaging data 
from the image guidance unit 130 may be shown on display 
unit 120. These and other possible embodiments are dis 
cussed in more detail below. Numerous other embodiments 
will be apparent to those skilled in the art and are covered by 
the invention as claimed. 
0015. In the pictured embodiment, the system 100 com 
prises a first position sensing unit 110, a display unit 120, and 
the second position sensing unit 140 all coupled to an image 
guidance unit 130. In some embodiments, the first position 
sensing unit 110, the displaying unit 120, the second position 
sensing unit 140, and the image guidance unit 130 are all 
physically connected to stand 170. The image guidance unit 
130 may be used to produce images 125 that are presented on 
display unit 120. As discussed more below, the images 125 
shown on the display unit 120 by the image guidance unit 130 
may be determined based on imaging data, Such as a CT scan, 
MRI, open-magnet MRI, optical coherence tomography, 
positron emission tomography (“PET) scans, fluoroscopy, 
ultrasound, or other preoperative or intraoperative anatomical 
imaging data and any 3D anatomical imaging data. The 
images 125 produced may also be based on intraoperative or 
real-time data obtained using a movable imaging unit 155. 
which is coupled to imaging unit 150. Real-time may imply 
instantaneous or near-instantaneous obtaining of data. Real 
time may also imply that it is taken with the intention to be 
used immediately. Imaging unit 150 may be coupled to image 
guidance unit 130. In some embodiments, imaging unit 150 
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may be coupled to a second display unit 151. The second 
display unit 151 may present imaging data from imaging unit 
150. The imaging data displayed on display unit 120 and 
displayed on second display unit 151 are not necessarily the 
same. In some embodiments, the imaging unit 150 is an 
ultrasound machine 150, the movable imaging device 155 is 
an ultrasound transducer 155 or ultrasound probe 155, and the 
second display unit 151 is a display associated with the ultra 
sound machine 150 that shows the imaging data from the 
ultrasound machine. 

0016. The second position sensing unit 140 is coupled to 
one or more tracking units 145. The second position sensing 
unit 140 and tracking units 145 may together comprise a 
magnetic tracking System, an optical tracking System, or any 
other appropriate tracking system. The second position sens 
ing unit 140 and tracking units 145 may be used to track the 
deformation of tissue at a target anatomical site on user 160. 
User 160 may be in an operating room, lying on an operating 
table. Such as operating table 180, or in any other appropriate 
place or position. In various embodiments, second position 
sensing unit 140 may be an Ascension Flock of Birds, Nest of 
Birds, driveBAY, medSAFE, trakSTAR, miniBIRD, Motion 
STAR, or pciBIRD, and tracking units 145 may be magnetic 
tracking coils. In some embodiments, the second position 
sensing unit 140 may be an Aurora R. Electromagnetic Mea 
Surement System using sensor coils for tracking units 145. In 
Some embodiments, the first position sensing unit 110 may 
also be an optical 3D tracking system using fiducials as track 
ing units 145. Such optical 3D tracking systems may include 
the NDI Polaris Spectra, Vicra, Certus, PhaseSpace 
IMPULSE, Vicon MX, InterSense IS-900, NaturalPoint 
OptiTrack, Polhemus FastTrak, IsoTrak, or Claron Micron 
Tracker2. 

0017 Tracking unit 145 as used herein is abroad term and 
includes without limitation all types of magnetic coils or 
other magnetic field sensing devices for use with magnetic 
trackers, fiducials or other optically detectable markers for 
use with optical trackers. Such as those discussed above and 
below. Tracking units 145 could also include optical position 
sensing devices Such as the HiBall tracking system and the 
first and second position sensing units 110 and 140 may be 
HiBall tracking systems. Tracking units 145 may also include 
a GPS device or signal-emitting device that would allow for 
tracking of the position and, optionally, orientation of the 
tracking unit. In some embodiments, a signal-emitting device 
might include a radio-frequency identifier (RFID). In such 
embodiments, the first and/or second position sensing unit 
110 and 140 may take in the GPS coordinates of the tracking 
units 145 or may, for example, triangulate the radio frequency 
signal being emitted by the RFID associated with tracking 
units 145. 

0018. The first position sensing unit 110 may be used to 
track the position of movable imaging unit 155. Tracking the 
position of movable imaging unit 155 allows for the determi 
nation of the relative emplacement, where emplacement may 
refer to position and orientation or merely position, of imag 
ing data received using the movable imaging unit 155 and 
imaging unit 150 with that data being sent to image guidance 
unit 130. For example, image guidance unit 130 may contain 
CT data which is being updated and deformed based on the 
relative emplacements of tracking units 145 as received by the 
second position sensing unit 140. In such an example embodi 
ment, the image guidance unit 130 may take in the emplace 
ments, such as positions and orientations, of the tracking units 

Sep. 10, 2009 

145 and from that determine an updated model for CT data 
stored in imaging guidance unit 130. Further, imaging guid 
ance unit 130 may produce images based on the current 
ultrasound imaging data coming from imaging unit 150 and 
also based on an updated model determined based on the 
emplacements of tracking units 145. The images produced 
125 made be presented on display unit 120. An example 
image 125 is shown in FIG. 8. 
0019. In some embodiments, a movable imaging unit 155 
may not be connected directly to an imagining unit 150, but 
may instead be connected to imaging guidance unit 130. The 
movable imaging unit 155 may be useful for allowing a user 
to indicate what portions of a first set of imaging data should 
be displayed. For example, if the movable imaging unit 155 
may be an ultrasound transducer or a tracked operative 
needle, for example, and may be used by a user to indicate 
what portions of a pre-operative CT scan to show on a display 
unit 120 as image 125. Further, in some embodiments, there 
could be a third set of pre-operative imaging data that could be 
displayed with the first set of imaging data. Yet further, in 
Some embodiments, each of the first and third sets of imaging 
data could be deformed based on updated positions of the 
tracking units 145 and the updated, deformed versions of the 
two sets of imaging data could be shown together or other 
wise provide image guidance images 125 for presentation on 
display 120. 
0020 First position sensing unit 110 may be an optical 
tracker, a magnetic tracker, or any other appropriate type of 
position sensing device. For example, in various embodi 
ments, first position sensing unit 110 may be an Ascension 
Flock of Birds, Nest of Birds, driveBAY, medSAFE, trak 
STAR, miniBIRD, MotionSTAR, or pciBIRD. In some 
embodiments, the first position sensing unit may be an 
Aurora R. Electromagnetic Measurement System using sensor 
coils. In some embodiments, the first position sensing unit 
110 may also be an optical 3D tracking system Such as the 
NDI Polaris Spectra, Vicra, Certus, PhaseSpace IMPULSE, 
Vicon MX, InterSense IS-900, NaturalPoint OptiTrack, Pol 
hemus FastTrak, IsoTrak, or Claron MicronTracker2. The 
first position sensing unit 110 senses the position of movable 
imaging unit 155. If first position sensing unit 110 is an 
optical tracker, then movable imaging unit 155 may have 
fiducials placed thereon to make visual position and/or ori 
entation detection possible. If first position sensing unit 110 is 
a magnetic tracker, then movable imaging unit 155 they have 
placed thereon magnetic tracking units. 
0021. In some embodiments, the display unit 120 displays 
3D images to a user. This can be accomplished by a stereo 
scopic display, a lenticular auto-stereoscopic display, or any 
other appropriate type of display. In some embodiments, a 
user may wear ahead mounted display in order to receive 3D 
images from the image guidance unit 130. In Such embodi 
ments, a separate display, such as the pictured display unit 
120, may be omitted. 
0022. In some undepicted embodiments, there is no first 
position sensing unit 110 and the emplacements of both the 
movable imaging unit 155 and tracking units 145 are deter 
mined using the second position sensing unit 140. Similarly, 
in some embodiments, the first position sensing unit 110 may 
track the emplacements of both the movable imaging unit 155 
and tracking units 145 and the second position sensing unit 
140 may not be present. 
II. Anatomical Sites and Deformation 

0023 FIG. 2 illustrates an example of an anatomical site 
210 with tracking units 145A, 145B, and 145C. An anatomi 
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cal site 210 can be anywhere within or on the body 160, 
human or otherwise. In some embodiments, as shown in FIG. 
4, tracking units 145A, 145B, and 145C may be implantable 
needles containing a magnetic tracking coil. If the tracking 
units 145A, 145B, and 145C are implantable, then the track 
ing units may be placed in or near an anatomical site 210. In 
some embodiments, tracking units 145A, 145B, and 145C 
may be placed on the surface of an anatomical site 210. In yet 
other embodiments, tracking units 145A, 145B, and 145C of 
known dimensions may be placed partially inside and par 
tially external to an anatomical site 210. In such embodi 
ments, a portion of the tracking unit 145A, 145B, and 145C 
may be in or near the anatomical site 210 while another 
portion may be external to the body or the anatomical site and 
allow tracking external to the body. This embodiment is use 
ful, for example, if it is desired that the second position 
sensing unit 140 be an optical tracker or if there are other 
reasons, such as the size of a magnetic tracking coil, for not 
implanting that portion of the tracking units 145A, 145B, and 
14SC. 

0024 FIG. 3 illustrates the deformation of an anatomical 
site 210 to 310 with tracking units 145A, 145B, and 145C. In 
FIG.3, three tracking units 145A, 145B, and 145C have been 
placed near an anatomical site 210. The letters on the vertices 
ofanatomical site 210 illustrate that anatomical site 210 may 
be deformed into deformed anatomical site 310. The letters 
illustrate which vertices in anatomical site 210 correspond to 
which vertices in deformed anatomical site 310. The defor 
mation of anatomical site 210 into anatomical site 310 can be 
due to patient movement, breathing, pressure, force, or any 
other effect that may deform deformable tissue comprising 
and/or surrounding anatomical sites 210 and 310. FIG. 3 
illustrates that the tracking units 145A, 145B, and 145C move 
from locations on anatomical sites 210 to corresponding loca 
tions in deformed anatomical site 310. 

0025. In some embodiments, the first set of imaging data, 
such as a CT scan, MRI, open-magnetMRI, fluoroscopy, PET 
Scan, 3D ultrasound, or any other type of imaging data may be 
received in a format that is usable to perform the deformation 
techniques described herein. In other embodiments, when the 
first set of imaging data is received, a 3D model of that data 
may be produced. There are many known techniques for 
producing 3D models such as finite element models, Volu 
metric models, or polygonal models. These include manual, 
human-driven techniques, such as tracing the boundaries of 
organs and tumors (also known as contouring), and automatic 
techniques such as iso-Surface extraction (marching cubes, 
watershed), or hybrid techniques such as m-rep based seg 
mentation. When the updated emplacement, Such as position 
and orientation, or mere position, of the tracking units 145A, 
145B, and 145C is determined, a model of the anatomical 
sites 210 can be updated to estimate the deformed anatomical 
site 310. This updating may be accomplished using known 
techniques for the various underlying models. For example, 
in some computer graphics hardware systems, one can use 3D 
textures. Each tracking unit can be associated with a texture 
location within the 3D texture, where the 3D texture com 
prises the first set of imaging data. Once updated positions of 
the tracking units 145A, 145B, and 145C are known, then the 
3D texture can be updated using linear interpolation. Image 
guidance unit 130 may contain general hardware. Such as a 
CPU, or specialized hardware. Such as a graphics card, that is 
capable of performing linear interpolation on 3D textures. 
Relatedly, if a particular slice of the second set of imaging 
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data is desired for display as part of image guidance data, then 
the particular slice for display may be determined based on 
the corresponding slice of the updated 3D texture. See, e.g., 
Yinghui, C., Jing, W., and Xiaohui, L. 2006, Real-time defor 
mation using modal analysis on graphics hardware, in Pro 
ceedings of the 4th international Conference on Computer 
Graphics and interactive Techniques in Australasia and 
Southeast Asia (Kuala Lumpur, Malaysia, Nov. 29-Dec. 2, 
2006). GRAPHITE '06. ACM, New York, N.Y., 173-176. 
Another example embodiment of linear deformation is dis 
cussed below. Other embodiments, bi-cubic or higher-order 
interpolation may also be used. Additionally, in some 
embodiments, the tracking units 145A, 145B, and 145C pro 
vide position data and not orientation data. Deformation of 
the 3D model can be accomplished based on the position of 
the tracking units 145A, 145B, and 145C. In some embodi 
ments, the tracking units 145A, 145B, and 145C will provide 
both position and orientation data. The additional information 
on orientation can be used to provide a different kind of 
deformation of the model. 
0026. In some embodiments, once a new 3D model for 
deformed anatomical site 310 is determined, the updated 
model can be used, for example, by image guidance unit 130 
of FIG. 1 in order to produce image guidance data that is 
based on a combination of imaging data from imaging unit 
150 and movable imaging unit 155. This image guidance data 
may be displayed as imaging data 125 on display unit 120. 
0027 FIG. 4 depicts an embodiment of a tracking unit 
145. In some embodiments, the tracking unit 145 comprises a 
shaft 410, a magnetic coil 430, and a cable 420. The shaft 410 
may be a hollow needle or any implantable unit. The shaft 410 
may be hollow in order to accommodate insertion of the cable 
420 and magnetic coil 430, or maybe solid, in which case 
magnetic coil 430 and cable 420 must be built into the shaft 
410 or the shaft 410 must be constructed around the magnetic 
coil 430 and cable 420. As noted above, in some embodiments 
a tracking unit 145 may include an optical device. Such as a 
fiducial (not pictured), in order to allow proper tracking. In 
yet other embodiments, a tracking unit 145 may include an 
implantable portion in addition to and separate from the 
tracking portion (not pictured). 
0028 FIG. 5 illustrates another example of an anatomical 
site 210 within deformable tissue 510 with implanted track 
ing units 145A, 145B, 145C, and 145D. FIG.5 illustrates that 
the deformable tissue 510 deforms into deformable tissue 
520. Similar to the embodiments shown in FIG.3, anatomical 
site 210 is deformed into deformed anatomical site 310. 
Tracking units 145A, 145B, 145C, and 145D are shown 
implanted near anatomical site 210. The tracking units 145A, 
145B, 145C, and 145D remain near the anatomical site after 
deformable tissue 510 has been deformed into deformed 
deformable tissue 520, and anatomical site 210 has deformed 
into deformed anatomical site 310. As was the case in the 
embodiment shown in FIG. 3, a 3D model of anatomical site 
210 can be deformed and updated based on the relative 
emplacements of the tracking units 145A, 145B, 145C, and 
145D at the time before and after deformation. 

III. Process for Providing Guidance Data 
0029 FIG. 6 depicts one of many possible example pro 
cesses 600 for providing guidance data based on updated 
deformable tracking information. In some embodiments, all 
or portions of process 600 may be performed by image guid 
ance system 130 or by any other appropriate unit or module. 
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In step 610, a first set of imaging data from anatomical site 
210 and tracking units 145 is obtained. This first set of imag 
ing data may be a CT scan, MRI, open-magnet MRI, fluoros 
copy, PET scan, 3D ultrasound, or any other imaging data. 
Obtaining the relative emplacements of the tracking units 145 
when taking the data for the anatomical site 210 provides the 
ability to determine how the relative emplacements of the 
tracking units 145 have changed, from the time that the first 
set of imaging data is taken, and until any time later at which 
the emplacements of the tracking units are known. Generally, 
the tracking units 145 will be visible in the first set of imaging 
data, but this is not necessary. The tracking units 145 must 
simply be close enough to an anatomical site of interest to 
provide information on deformation of the anatomical site. 
0030. In some embodiments, once a first set of imaging 
data of the anatomical site and tracking units 145 is obtained, 
a 3D model of the first set of imaging data is produced. In 
other embodiments, a 3D model of the first set of imaging 
data is produced at a later time or is not produced at all, and 
deformation of the first set of imaging data is accomplished 
without using a 3D model. The production of a 3D model 
from the first set of imaging data is discussed above. 
0031. At some time after the first of imaging data is 
obtained in step 610, a second set of imaging data of the 
anatomical site is obtained in step 620. The second set of 
imaging data may, like the first set of imaging data, be any of 
a variety of types of imaging data. For example, a second set 
of imaging data may be 2D ultrasound, 3D ultrasound, fluo 
roscopy, or any other type of imaging data. The tracking units 
145 may, but need not, be visible in the second set of imaging 
data. For example, if the second set of imaging data is 2D 
ultrasound, then the ultrasound image obtained may include a 
plane or slice of the anatomical site 210, but tracking units 
145 need not be visible in that particular slice or plane. 
0032. In step 630, a deformed version of the first set of 
imaging data is determined. In some embodiments, updated 
emplacements of the tracking units 145, at the time the second 
set of imaging data is obtained, are used to determine an 
updated or deformed model of the first set of imaging data. 
This is discussed above. Once the updated or deformed ver 
sion of the first set of imaging data and the recently obtained 
second set of imaging data are both available, the relative 
emplacements of those two sets of imaging data are deter 
mined. This may be accomplished based on both the emplace 
ments of the tracking units 145, in order to determine the 
emplacement of the deformed version of the first set of imag 
ing data, and the emplacement of the second set of imaging 
data. The emplacements of the second set of imaging data 
may be determined based on, for example, the location of a 
movable imaging unit 155, as depicted in FIG.1. As another 
example embodiment, if a movable imaging unit 155 is a 2D 
ultrasound wand, then tracking the location of a movable 
imaging unit 155 allows determination of the position and 
orientation of the second set of imaging data. As noted above, 
the movable imaging unit 155 may be tracked using the first 
position sensing unit 110. In some embodiments, the deter 
mination of relative emplacements of the two imaging data 
sets may take the form of a 3D transformation or other math 
ematical relationship. 
0033. Once the relative positions of the second set of 
imaging data and the deformed version of the first set of 
imaging data are known, the image guidance data can be 
determined and displayed in step 650. In some embodiments, 
the image guidance data shows features within the deformed 
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version of the first set of imaging data in combination with a 
second set of imaging data, such as that depicted in FIG.8. In 
other embodiments, the image guidance data may be an over 
lay or a combination of the second set of imaging data and of 
the deformed version of the first set of imaging data. Other 
examples of image guidance data that may be displayed in 
step 650 are those depicted in FIGS. 7A-7D, discussed below. 
0034. In some embodiments, each time that more imaging 
data is received from the data source that provided the second 
set of imaging data, process 600 may repeat starting at step 
620. Process 600 may also be restarted from step 610, espe 
cially in scenarios, such as resection at the anatomical site, 
where warping of the first set of imaging data is no longer 
possible. In Such a case, the first set of imaging data may be 
re-obtained in step 610. 
0035. As noted above, in some embodiments, the defor 
mation is accomplished by linear deformation. Linear defor 
mation may be accomplished in number of ways, including 
using graphics hardware. As one example embodiment of 
linear deformation, consider an original Volume image I (as 
scanned, for example, by the CT scanner at time t) as an 
anatomical site of interest. At time t, there are n tracking units 
implanted in the tissue near and around the anatomical site. 
The tracking units positions are pt... pt. For each tracking 
unit, we compute the 3d texture coordinate, tc, that indicates 
the position of the tracking sensor, in image I's coordinate 
system. 3d texture coordinates may lie in the range u=0 . . . 
1, v=0 ... 1.w=0 ... 1). The eight corners of the image I 
in the 3d texture's coordinate system may be (0,0,0), (0,0,1), 
(0,1,0), (0,1,1), (1,1,0), (1,1,1). The points may then be stored 
in a table-like data structure as follows: 

Points table: 

point #1, pt.1.x, pty, pt. Z, to 1.u, tc1.V, to 1.W., 
point #2, pt2.X, pt2.y, pt2.Z, top.u. tc2.V, to-2.W., 
point #3, pts.x, pts.y, pts. Z, tc3.u. tcs. V, tcs.W., 

point in, pt.x, pty, pt. Z, tc.,.u. tc.,.V, tc...W., 

where pty and telu refer, for example, to point pt's y 
coordinate and tc's u coordinate, respectively. 
0036. The volume may then be tessellated into tetrahedra. 
The corner point of each tetrahedron k may be one of n 
tracking units, at position pt. The edges of the tessellation 
may be stored in a data structure as follows: 

Edges table: 

edge #1, point a point b, 
edge #2, point a2, point b, 

edge him, point a point b, 

where each edge connects two points, each of which is a 
reference to a point#. For example, point a may refer to point 
#1 and point b may refer to point #4. 

Tetrahedra table: 

tetrahedron #1, edge a1, edge b1, edge c1, edged, edge e1, edge f. 
tetrahedron #2, edge a2, edge ba, edge ca, edge d2, edge e2, edge f. 

. . . 

where edge a and a may refer, for example, to edges #5 and 
edge #2, respectively. 
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0037. Some of the image I may lie outside of the convex 
hull of the points pt... pt. These portions of image I may be 
ignored or other algorithms may be used to determine their 
distortion. 
0038. At time j, where idt, the tissue may have changed 
shape, and image I (which represents the anatomical site at 
time t) may no longer represent the. The positions of the 
tracking sensors at time j, are pi . . . pi. One may consider a 
new image J that is a linearly warped copy of image I. One 
may not need to compute image J, however. Instead, at timej. 
an updated, deformed image for a 2d cross-sectional plane 
through image J may be determined as follows: 

0039. Update the points table, and replace each pt with 
pi where k=1 ... n}, thereby updating the position of 
each tracking unit, at timej, as Supplied, for example, by 
position sensing system 140. 

0040 Iterate through the tetrahedra table. For each tet 
rahedron, iterate through each of its six edges. For each 
Such edge, compute its intersection with the cross-sec 
tional plane. For those edges that do intersect with the 
plane, we compute the intersection point P. We then 
compute the texture coordinate for P. by linearly inter 
polating between the texture coordinates at its endpoints 
(those texture coordinates are stored in the points table). 
0041. For each tetrahedron, there will be 0, 1, 2, 3, or 
4 edges that intersect with the plane (resulting in 0, 1, 
2, 3, or 4 intersections points P, and their correspond 
ing texture coordinates). 

0042. When there are 0, 1, or 2 intersections, render 
nothing associated with the tetrahedron. 

0043. When there are 3 or 4 intersections of the cross 
sectional plane, render a textured polygon using tradi 
tional graphics hardware commands (e.g. OpenGL or 
DirectX). The texture coordinates index into the image I, 
but because the point P will have moved from the origi 
nal location, the result will be a portion of image J. 

0044 Repeat this for each tetrahedron. After all tetra 
hedra have been processed, the graphics hardware will 
have rendered the intersection of the warped image J. 
with the chosen cross-sectional plane. 

0045. In some embodiments, if the second set of imaging 
data is a planar fluoroscopic image, then the deformed version 
of the first set of imaging data may be projected onto the plane 
of the planar fluoroscopy and the two images may be com 
bined in order to produce the image guidance data. 
0046. In some embodiments, the image guidance data 
determined in step 650 from the deformed version of the first 
set of imaging data could be used to approximate another 
imaging modality. For example, the first set of imaging data 
may be a CT scan and a user may wish to have an approxi 
mation of a biplane fluoroscopy performed without exposing 
a patient to the harmful radiation associated with Such a 
fluoroscopy. The deformed version of the first set of imaging 
data may be projected onto what would be the two planes of 
the biplane fluoroscopy. This would approximate the biplane 
fluoroscopy using the updated tracking unit information with 
out exposing the patient to the radiation associated with the 
biplane fluoroscopy. Further, this approximation could be 
updated at a rate that exceeds that of conventional biplane 
fluoroscopy as the tracking units move with the Surrounding 
tissues to which they are affixed, without harming the patient 
or disturbing the ongoing operation. 

IV. Creating Features in Imaging Data 
0047 FIGS. 7A-7D depict marking and viewing features 
in imaging data. Generally FIGS. 7A-7D show the manual 
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creation of features within a first set of imaging data and 
updating the placement of the feature based on the deformed 
model of the first set of imaging data. FIG. 7A shows a feature 
selection unit 710 being used to highlight, in a particular 
plane or visual slice of the first set of imaging data 720, a 
feature 730 within the first of imaging data. In FIG. 7B, the 
user points to the feature 730 and selects the feature in order 
to signify selected feature 740. When the first set of imaging 
data 720 is being viewed later, the selected feature 740 will 
still appear in its original position, as depicted in FIG. 7C. 
0048 FIG. 7D illustrates that if a plane of the first set of 
imaging data 720 is displayed, and the selected feature 740 
may still be displayed even if it is not within the visual slice or 
plane or display data of the first set of imaging data 720. The 
displacement of the feature 740 from the visual slice of the 
first set of imaging data 720 may be shown with a displace 
ment marker 750. In some embodiments, the displacement of 
the selected feature 740 from the visual slice of the first set of 
imaging data 720 may be shown with other visual techniques, 
Such as visual depth on a 3D display, shadowing, foreshort 
ening, or any other known technique. In FIGS. 7C and 7D, 
even if the first set of imaging data is deformed based on 
updated emplacements of the tracking units 145 (not pic 
tured), the selected feature 740 may be shown in a new loca 
tion based on the deformation of the first set of imaging data 
720. Marking these features may be useful so that a user or 
Surgeon could identify and later find points of interest, such as 
locations of tumors or lesions. 

V. Image Guidance Data 
0049 FIG. 8 depicts an embodiment of image guidance 
data in which a first set of imaging data is presented with a 
second set of imaging data. In some embodiments, the second 
set of imaging data is displayed in approximately the form 
that is received as described above. The first of imaging data 
may be deformed based on the updated emplacements of 
tracking units 145. The updated or deformed model corre 
sponding to the first set of imaging data may be used to 
provide image guidance, such as the location of an important 
feature of the anatomical site. For example, in the ultrasound 
image of the liver depicted in FIG. 8, the ultrasound image 
810 (the second set of imaging data) is augmented with a 
feature 820 from the first set of imaging data, such as a CT 
Scan. This feature may be the location of a tumor, necrosed 
tissue, or any other relevant feature. It may have been detected 
or selected by a user, as illustrated in FIGS. 7A-7D. Upon 
deformation of the underlying tissue, the model for the first 
set of imaging data may be deformed and therefore the feature 
820 shown from the second set of imaging data would also be 
updated and deformed. Over time, as new second sets of 
imaging data 810 were being generated, the movement and 
updated emplacements of the tracking units 145 in an ana 
tomical site would cause the deformation and movement of 
the feature of the first set of imaging data 820. The updated 
emplacement of the feature 820 would continue to be shown 
with the newly received second set of imaging data 810. In 
Some embodiments, the deformation of the first set of imag 
ing data approximates the deformation of the underlying tis 
sue. Therefore, the approximate placement of the feature 820 
would approximate the location of the underlying anatomical 
feature within the second set of imaging data 810. 
0050. The processes, computer readable medium, and sys 
tems described herein may be performed on various types of 
hardware, such as computer systems. Computer systems may 
include a bus or other communication mechanism for com 
municating information, and a processor coupled with the bus 
for processing information. A computer system may have a 
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main memory, such as a random access memory or other 
dynamic storage device, coupled to the bus. The main 
memory may be used to store instructions and temporary 
variables. The computer system may also include a read-only 
memory or other static storage device coupled to the bus for 
storing static information and instructions. The computer sys 
tem may also be coupled to a display, such as a CRT or LCD 
monitor. Input devices may also be coupled to the computer 
system. These input devices may include a mouse, a trackball, 
or cursor direction keys. Computer systems described herein 
may include the image guidance unit 130, first and second 
position sensing units 110 and 140, and imaging unit 150. 
Each computer system may be implemented using one or 
more physical computers or computer systems or portions 
thereof. The instructions executed by the computer system 
may also be read in from a computer-readable medium. The 
computer-readable medium may be a CD, DVD, optical or 
magnetic disk, laser disc, carrier wave, or any other medium 
that is readable by the computer system. In some embodi 
ments, hardwired circuitry may be used in place of or in 
combination with software instructions executed by the pro 
CSSO. 

0051. As will be apparent, the features and attributes of the 
specific embodiments disclosed above may be combined in 
different ways to form additional embodiments, all of which 
fall within the scope of the present disclosure. 
0.052 Conditional language used herein, such as, among 
others, “can.” “could,” “might,” “may.” “e.g. and the like, 
unless specifically stated otherwise, or otherwise understood 
within the context as used, is generally intended to convey 
that certain embodiments include, while other embodiments 
do not include, certain features, elements and/or states. Thus, 
Such conditional language is not generally intended to imply 
that features, elements and/or states are in any way required 
for one or more embodiments or that one or more embodi 
ments necessarily include logic for deciding, with or without 
author input or prompting, whether these features, elements 
and/or states are included or are to be performed in any 
particular embodiment. 
0053 Any process descriptions, elements, or blocks in the 
flow diagrams described herein and/or depicted in the 
attached figures should be understood as potentially repre 
senting modules, segments, orportions of code which include 
one or more executable instructions for implementing spe 
cific logical functions or steps in the process. Alternate imple 
mentations are included within the scope of the embodiments 
described herein in which elements or functions may be 
deleted, executed out of order from that shown or discussed, 
including Substantially concurrently or in reverse order, 
depending on the functionality involved, as would be under 
stood by those skilled in the art. 
0054 All of the methods and processes described above 
may be embodied in, and fully automated via, software code 
modules executed by one or more general purpose computers 
or processors, such as those computer systems described 
above. The code modules may be stored in any type of com 
puter-readable medium or other computer storage device. 
Some or all of the methods may alternatively be embodied in 
specialized computer hardware. 
0055. It should be emphasized that many variations and 
modifications may be made to the above-described embodi 
ments, the elements of which are to be understood as being 
among other acceptable examples. All Such modifications and 
variations are intended to be included herein within the scope 
of this disclosure and protected by the following claims. 
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What is claimed is: 
1. A method of presenting imaging data related to an ana 

tomical site, comprising: 
obtaining, at a first time, a first set of imaging data related 

to the anatomical site and tracking units at the anatomi 
cal site; 

obtaining a second set of imaging data related to the ana 
tomical site at a second time, after the first time; 

determining a deformed version of the first set of imaging 
databased on the relative arrangements of one or more 
of the tracking units at the first time and at the second 
time; 

determining the relative emplacements of the second set of 
imaging data set and the deformed version of the first set 
of imaging data set; and 

determining image guidance data for display based on the 
second set of imaging data, the deformed version of the 
first set of imaging data, and their relative emplace 
mentS. 

2. The method of claim 1, wherein obtaining a first set of 
imaging data related to the anatomical site and tracking units 
comprises obtaining an arrangement of the tracking units. 

3. The method of claim 2, wherein obtaining an arrange 
ment of the tracking units comprises determining the location 
and orientation of the tracking units. 

4. The method of claim 1, wherein the method further 
comprises obtaining an arrangement of the tracking units at 
the first time and the second time; and wherein: 

determining a deformed version of the first set of imaging 
data comprises performing a deformation on a Volumet 
ric model of the first data set based on the arrangements 
of the tracking units at the first time and at the second 
time. 

5. The method of claim 1, wherein: 
automatically obtaining the first set of imaging data com 

prises obtaining a Volumetric model of obtained imaging 
data including the emplacement of the tracking units; 

determining the deformed version of the first set of imaging 
data comprises performing a deformation of the Volu 
metric model. 

6. The method of claim 1, wherein: 
automatically obtaining the first set of imaging data com 

prises obtaining a finite element model of obtained 
imaging data including the emplacement of the tracking 
units: 

determining the deformed version of the first set of imaging 
data comprises performing a deformation of the finite 
element model. 

7. The method of claim 1, wherein the second set of imag 
ing data is associated with a movable device and the emplace 
ment of the second set of imaging data is determined using the 
emplacement of the movable device. 

8. The method of claim 7, wherein the movable device is a 
movable ultrasound device. 

9. The method of claim 1, wherein the second set of imag 
ing data is associated with a first movable device and the 
emplacement of the second set of imaging data is determined 
using the emplacement of a second movable device, wherein 
the first movable device is distinct from the second movable 
device. 

10. The method of claim 9, wherein the first movable 
device is a movable 3D ultrasound device and the second 
movable device is a display indication device. 
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11. The method of claim 1, wherein the method further 
comprises receiving information about a feature within the 
first data set; and wherein: 

determining image guidance data for display comprises 
displaying the feature within the first data set. 

12. The method of claim 1, wherein determining a 
deformed version of the first set of imaging data comprises: 

performing a linear interpolation on a model of the first set 
of imaging data. 

13. The method of claim 1, wherein determining a 
deformed version of the first set of imaging data comprises: 

performing a bi-cubic interpolation on a model of the first 
set of imaging data. 

14. A method of presenting imaging data related to an 
anatomical site, comprising: 

obtaining, at a first time, a first set of imaging data related 
to the anatomical site; 

obtaining tracking information for a movable imaging 
device controlled by a user at a second time, after the first 
time; 

determining desired emplacement information for an 
image of the first set of imaging databased on the track 
ing information; and 

determining image guidance data for display based on the 
first set of imaging data and the desired emplacement 
information. 

15. The method of claim 14, wherein the method further 
comprises: 

obtaining information on tracking units at the anatomical 
site at the first time and at the second time; and 

determining a deformed version of the first set of imaging 
databased on the relative arrangements of one or more 
of the tracking units at the first time and at the second 
time; and wherein 

determining image guidance data for display comprises 
determining image guidance data for display based on 
the first set of imaging data, the deformed version of the 
first set of imaging data, and the desired emplacement 
information. 

16. The method of claim 14, wherein the method further 
comprises: 

obtaining at a third time, before the second time, a second 
set of imaging data; and wherein: 

determining image guidance data for display comprises 
determining image guidance data for display based on 
the first set of imaging data, the second set of imaging 
data, and the desired emplacement information. 

17. The method of claim 14, wherein determining image 
guidance data for display comprises approximating a bi-plane 
fluoroscopy. 

18. A system for presenting imaging data related to an 
anatomical site, comprising: 

an image guidance system configured to: 
obtain, at a first time, a first set of imaging data related to 

the anatomical site and tracking units at the anatomi 
cal site; 

obtain a second set of imaging data related to the ana 
tomical site at a second time, after the first time; 
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determine a deformed version of the first set of imaging 
data based on the relative arrangements of one or 
more of the tracking units at the first time and at the 
second time; 

determine the relative emplacements of the second set of 
imaging data set and the deformed version of the first 
set of imaging data set; and 

determine image guidance data for display based on the 
second set of imaging data, the deformed version of 
the first set of imaging data, and their relative 
emplacements. 

19. A system for presenting imaging data related to an 
anatomical site, comprising: 
An image guidance system configured to: 

obtain, at a first time, a first set of imaging data related to 
the anatomical site; 

obtain tracking information for a movable imaging 
device controlled by a user at a second time, after the 
first time; 

determine desired emplacement information for an 
image of the first set of imaging data based on the 
tracking information; and 

determine image guidance data for display based on the 
first set of imaging data and the desired emplacement 
information. 

20. A computer-readable medium that executes the steps 
for presenting imaging data related to an anatomical site, 
comprising: 

obtaining, at a first time, a first set of imaging data related 
to the anatomical site and tracking units at the anatomi 
cal site; 

obtaining a second set of imaging data related to the ana 
tomical site at a second time, after the first time; 

determining a deformed version of the first set of imaging 
databased on the relative arrangements of one or more 
of the tracking units at the first time and at the second 
time; 

determining the relative emplacements of the second set of 
imaging data set and the deformed version of the first set 
of imaging data set; and 

determining image guidance data for display based on the 
second set of imaging data, the deformed version of the 
first set of imaging data, and their relative emplace 
mentS. 

21. A computer-readable medium that executes the steps 
for presenting imaging data related to an anatomical site, 
comprising: 

obtaining, at a first time, a first set of imaging data related 
to the anatomical site; 

obtaining tracking information for a movable imaging 
device controlled by a user at a second time, after the first 
time; 

determining desired emplacement information for an 
image of the first set of imaging databased on the track 
ing information; and 

determining image guidance data for display based on the 
first set of imaging data and the desired emplacement 
information. 


